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INTRODUCTION
Observing of water quality in inland water bodies such as lakes or ponds has a significant impact on the quality of human life. There are several ways how to observe and measure water quality parameters. From the fields that remote sensing deal with, observing of water quality is one of the most significant use. There are many applications as well as scientific works finding correlation between remotely sensed data and characteristics of water quality. The works differ according to used devices, explored characteristics, used spectra and types of observed water bodies.
Today, there are several satellite systems available which provide various remote sensing data. The majority of research studies is based on multispectral data from Landsat images. The first works dealing with this issue come from 70´s where Landsat started its mission. Work of Bukata (Bukata, Harris, Bruton, 1974 ) is one of the earliest works where still Landsat 1 data are used. The boom of the related works comes from 80´s with start of Lansat 5. Landsat 5 Thematic Mapper (L5 TM) is used in many works from then until the end of the mission. There are works of Wang (Wang et.al., 2006) and Guan (Guan, Li, Booty, 2011) operating with L5 TM multispectral data monitoring water quality in specific areas. In the case of Wang it is Reelfoot Lake in Tennessee. Guan in his case study monitored water clarity of Lake Simcoe in Canada. There are built models based on correlation between in-situ data and multispectral images. As well as other authors, Guan and Wang find high correlation suitable for determining the parameters on base of remotely sensed data. Further there are works using Landsat 7 ETM+ and Landsat 8 OLI and TIRS sensors bringing better spectral and spatial resolution. Most of them also deal with chlorophyll as the observed parameter. The works usually propose models with coefficient of determination higher than 0.8 like in case of Torbick (Torbick et.al., 2008) modelling chlorophyll-α concentration in West Lake in China.
The most observed indicator of water quality is chlorophyll-α (chlorophyll alpha) mostly due to high correlation of models and his relation with other indicators and pollutants.
Chlorophyll-α is a type of chlorophyll which is predominant in red and green algae and other organic based water pollutants. The reflectance model of chlorophyll-α is subject of researches such as (Carder, 1991) and it´s crucial for observing based on remote sensing. There are other water quality parameters observed by remote sensing such as phytoplankton, dissolved organic matter, total organic carbon chemical oxygen demand and biochemical oxygen demand like in (Wang, 2004) . For all the parameters there can be found high correlation between insitu data and the satellite data.
Modern trend in remote sensing is to observe water quality using alternative carriers like UAVs. In (Zang, 2012) the research is focused especially on using UAVs in monitoring of water pollution. There are other ways how to observe water quality by remote sensing which differs by possibilities as well as limitations like spatial and temporal resolution or costs.
The paper is focused on suitability of remote sensing data for water quality observation in a real situation. There are many papers describing utilization of remote sensing data for water quality observation available. Papers usually describe data processing, models proposals and obtained results in a form of case studies focused on a particular water body. They usually do not evaluate a practical suitability and availability of Landsat data for real problems solution. Particular studies based on Landsat data are described in the next chapter. Then, a set of parameters for evaluation of Landsat data suitability is proposed. Finally, a case study for Landsat 7 and 8 is provided. The case study is based on the proposed set of parameters.
UTILIZATION OF LANDSAT DATA FOR WATER QUALITY OBSERVATION
Detecting of chlorophyll and other water quality determinants (transparency, temperature, …) based on remote sensing brings some limitations mentioned across related papers. In 1977 there were mapped chlorophyll-α concentration, Secchi disk depth and water surface temperature in Lake Iseo in Italy (Giardino, 2001 ). There were used Landsat 5 TM data, in-situ measurements and synchronized precise atmospheric measurements for further corrections and modelling. It leaded to models with determination coefficients 0.99 for chlorophyll and 0.85 for Secchi disk depth. However, the models were built on relatively small number of measurements acquired during just one overpass of the satellite and very good weather conditions. The need of atmospheric conditions consideration was proposed by Giordano's work.
In (Lillesand, 1983) , there is suggested that there are several determinants of a quality of such models like clouds, haze, wind, poor image data, small lake size or shallow lake depth. They all are in some way causing changes in spectral behaviour of clear water surface or make impossible its evaluation.
An extensive research was done at University of Minnesota by mapping water clarity of Minnesota's 10,000 lakes during 20 years . There is clearly mentioned the importance of imagery without cloud cover, cloud shadows or haze. There were clipped areas covered with clouds from the images and checked for haze by visually inspecting using the (RGB) band combination 1, 6, 6 for Landsat TM. Further there were proposed estimate of percentage of clear water areas. However, the long term nature of the research and size of the area allowed discarding unsuitable images. No complex statistic related to cloud cover was proposed. (Nelson, 2003) dealt with a large number of days with high cloud cover that resulted in few available cloud free scenes. There was measured and modeled water clarity in lakes in the lower peninsula of Michigan during July and August 2001. In (Kloiber, 2002) there were reduced the number of images suitable for analysis by criterion that only images with less than 10% cloud cover are suitable for analysis. Amount of images was significantly reduced but the number of the rest of images was still high enough for Kloiber.
It implies that the importance of clear images growths with a shortening of terms for observations and with decreasing size of study areas. Remote sensing approach is more appropriate than in-situ measurements in case of many smaller water bodies spread over a large area. In this case importance of clear images increases as well.
LANDSAT CHARACTERISTICS DETERMINING ITS UTILIZATION FOR WATER QUALITY OBSERVATION
There are some significant characteristics determining utilization of Landsat data for water quality observation. All the facts related to Landsat satellites come from official USGS web page (USGS, 2016 A different approach for detecting usable parts of water bodies (clear pixels) in the images can be more appropriate as a result of previously described issues. The results should be related to the described characteristics. 
USED DATA AND METHODS

CASE STUDY
For the case study there is chosen an area with smaller water bodies -ponds and small lakes created by mining of sand. The area of interest covers water bodies located nearby city of Pardubice located in central part of the Czech Republic. Total water area is approximately 5 km 2 and it is spread over a region with an area of 150 km 2 . For the study there were chosen 6 water bodies, 19 separate polygons with area from 0.05 km 2 to 0.8 km 2 and total area of 4.5 km2 of water surface. The water bodies are mainly designed for fish breeding and for outdoor swimming and recreation purpose. The water bodies are spread in area which extends inside one Landsat path/row location. The area contents of 190/25 and 191/25 images due to horizontal overlap between paths. This is same for Landsat 8 as well as for Landsat 7. The water bodies are shown in Landsat 8 image and in map (Figure 4) . It means 236 images, 59 images for every of the paths and both satellites. After visual supervision the values smaller than 2 % were considered as an error of measurement and reset to zero. In case of Landsat 8 images with very low or no cloud cover the evaluated percentage of clear water surface limits to 99.9 %. In the cases where the cloud cover over the images is evaluated close to 100 % or 0 % (by ACCA) there is very close correlation between the ACCA cloud cover and values calculated for the water bodies. The average percentage of clear water was evaluated as 25.331 % for Landsat 8 images and 14.655 % for Landsat 7 images. The difference between the values is caused by presence of the gaps on Landsat 7 images. In the Landsat 8 images there is no significant difference between 190 and 191 paths (the difference is less than 2 %). There were expected more significant difference between the path in case of Landsat 7 images due to different position of the area in the images. However, the difference is less than 3 % which indicates smaller influence of the gaps according to position in the image in compare with the influence of other factors, especially clouds. The longest gap in data is from 5 th October 2015 to 15 th November 2015 which means 40 days without data caused by 11 images without clear water surface in streak. Maximum temporal gap in the measurement is then 40 days and average temporal gap is 10.54 days. It means that the maximal gap is increased 6.6 times and average gap is increased 2.6 times due to considering influence of percentage of clear water surface. From all 236 images only 90 are not completely covered by cloud and other influences which represents 38 % total. As there was mentioned the limit of utilization of the images can be set variously. There are the parameters evaluated for different levels of the lowest accepted percentage of clear water surface. It is summarized in Table 1 are evaluated for all 236 images. The parameters could be evaluated for shorter time period (for instance months). The parameters are very various due to nature of the problem.
CONCLUSION
There have been created many models based on Landsat multispectral data for water quality evaluation. The aim of this paper is not to create or evaluate these models, but to exanimate suitability of the Landsat data used for the models and the observing.
There are proposed parameters that better reflect real suitability of the images with respect to temporal resolution, spatial resolution and other determinants of the suitability. There is discussed significance of influence of cloud cover and its distribution over the image. Further, there is discussed the influence of haze, cloud shadows and the black gaps in Landsat 7 images. A suitable way of evaluation of real temporal possibilities of suitability of Landsat 7 and Landsat 8 images is proposed. The real temporal resolution is evaluated in form of maximal and average temporal gap in data. The influence of percentage of clear water surface (without clouds, shadows, gaps etc.) is proposed as a part of the mentioned temporal characteristics.
In the case study, there are analysed 236 of L7 and L8 images from paths and rows relevant to the area of interest. There is high correlation between the evaluation of the percentage of clear water surface and ACCA cloud cover. The percentage of clear water surface smaller than 2% was considered as zero. The total average percentage of clear water was evaluated as 20 %. The percentage of clear water surface of each image is used to evaluate number of acceptable images and to calculate time gaps between them. The longest gap in data is 40 days without relevant image and the average temporal gap between images is 10.54 days. There are 146 unusable images from the total number of 236 images. It represents 62 % completely unusable images. The study shows real potential of Landsat images in problem of water quality monitoring with focus on real temporal resolution. It shows very significant influence of cloud cover and the other influencers on the temporal resolution and so it shows the limitation for a periodical observing of the water bodies.
